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Abstract 
Magnetic properties and magnetocaloric effects of the intermetallic compound ErCoAl, crystallizing in 
the hexagonal MgZn2-type structure, have been investigated. This compound shows second-order 
ferromagnetic transition with Curie temperature TC=16 K. Around TC, the maximum entropy change and 
relative cooling power are estimated to be 11.0, 15.5 and 18.5 Jkg1K1 and 151, 284, and 433 Jkg-1 for 
a field change of 30, 50, and 70 kOe, respectively. These experimental results suggest that ErCoAl could 
be an appropriate candidate for magnetic refrigerant working at the temperatures near 20 K. 
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1 Introduction 
Recent years, exploration of magnetic refrigerant material used in different temperature ranges has 
been attracted much attention. In general, a good magnetic refrigerant material requires large 
magnetocaloric effect (MCE) and high relative cooling power (RCP). The former means that the 
magnetic material exhibits large magnetic entropy change ('Sm) and large adiabatic temperature change 
('Tad), which reach their maximum in the vicinity of the ferromagnetic (FM) or antiferromagnetic 
(AFM) ordering temperature (TC or TN, respectively) for a certain magnetic field change ('H). The latter 
is usually associated with a large 'Sm and a wide temperature range where magnetic phase transition 
occurs. As some typical examples, Gd5(SiGe)4 [Pecharsky et al. 1997, Casanova et al. 2002], La(Fe1-
xSix)13 [Hu et al. 2001, Fujieda et al. 2002], MnAs1-xSbx [Wada and Tanabe 2001, Gama et al. 2004] and 
MnFeP1-xAsx [Tegus et al. 2] are the well known ferromagnetic (FM) compounds with giant MCE near 
room temperature, and RCo2 (R=Dy, Ho, Er) [Gschneidner et al. 2005], Ho5Pd2 [Samanta et al. 2007], 
ErFeSi [Zhang et al. 2013], and R3Ni2 (R=Ho and Er) [Dopng et al. 2011] are the ones with giant MCE 
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at low temperatures (mainly below the liquid N2 temperature). We are particularly interested in the 
magnetic materials that exhibit large MCE and high RCP, and can be used for liquefaction of hydrogen. 
Intermetallic compound ErCoAl is a worthwhile material, which crystallizes in the hexagonal 
MgZn2-type structure and undergoes a FM transition at the temperature near 20 K. As a potential 
magnetic refrigerant material for liquefaction of hydrogen, large MCE is expected for this alloy. We 
have carried out a systematic study on magnetic properties and MCE of polycrystalline ErCoAl by 
measuring the temperature dependences of magnetic susceptibility and specific heat in various magnetic 
fields, and the field dependence magnetization in various temperatures. In the present paper, we report 
on the larger magnetic entropy change and the high relative cooling power in ErCoAl compound, which 
result from the second-order ferromagnetic transition and are evaluated from the magnetization and 
specific heat data.  
2 Experimental 
Polycrystalline ErCoAl sample was prepared by arc-melting stoichiometric amounts of the 
constituent elements with high purities (3N for Er and Co, 5N for Al) in a purified argon atmosphere. 
To enhance homogeneity, the button was flipped over and re-melted four times. The as-cast alloy was 
subsequently wrapped with tantalum foil, sealed in an evacuated quartz glass tube and annealed at 850 
qC for one week. X-ray powder diffraction was performed at room temperature with Cu KD radiation to 
check the sample quality and to determine the crystal structure. The diffraction lines can be indexed 
based on the hexagonal MgZn2-type structure model (space group P63/mmc).The sample was found to 
be almost single-phased with negligible impurities. Magnetizations were measured as functions of both 
temperature (between 2 and 300 K) and magnetic field (between 0 and 7 T) by using a superconducting 
quantum interference device (SQUID, Quantum Design) magnetometer. The thermal-relaxation 
technique was employed for specific heat measurement in the temperature range between 2 and 70 K 
by using a physical properties measurement system (PPMS, Quantum Design).  
3 Results and discussion 
The temperature dependence of dc magnetization, M(T), of ErCoAl was measured in various 
magnetic fields under zero-field-cooling (ZFC) and field-cooling (FC) conditions. Figure 1 shows the 
data of F௓ி஼ሺܶሻ [=MZFC(T)/H], Fி஼ሺܶሻ [=MFC(T)/H] and F௓ி஼ିଵ ሺܶሻ up to 300 K in an applied field of 
H=100 Oe. Above 20 K, the observed F௓ி஼ିଵ ሺܶሻcurve (inset of Fig. 1) could be fitted using the Curie-
Weiss law F௓ி஼ሺܶሻ=C/(TTp), where C is the Curie constant and Tp the paramagnetic Curie temperature. 
From the fit, we obtain a value of the effective magnetic moment, Peff, to be 9.4 PB per Er ion and a 
positive Tp=9.7 K. The Peff value is close to the value of 9.58 PB expected for free-ion Er3+ in the J=15/2 
Hund’s rule ground state indicating the 4f electrons are almost localized within the Er atoms. The 
positive value of TP suggests the relatively strong ferromagnetic exchange interaction to be dominant in 
this compound. At low temperatures, both Fி஼ሺܶሻ  and F௓ி஼ሺܶሻ  increase sharply near temperature 
TC=16 K signaling the onset of magnetic transition from low-temperature ferromagnetism to high-
temperature paramagnetism. In this work TC, corresponding to the maximum slope of the F(T) curve, 
represents the Curie temperature. The FC and ZFC curves show reversible behavior around TC indicating 
that the ferromagnetic to paramagnetic transition in this alloy is second order magnetic phase transition. 
This conclusion is also confirmed by the positive slope of the Arrott plot (not shown here). The ZFC 
curve illustrates a sharp peak below TC, which shifts to low temperature with increasing H, and cannot 
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be observed down to 2 K when the applied magnetic field is greater than 5 kOe (see Fig. 2). In addition, 
a significant bifurcation between the FC and ZFC curves can be observed below the peak temperature, 
this behavior may be attributed to the domain-wall pinning effect as observed usually in magnetic 
materials with larger magnetic anisotropy [Majumdar et al. 1999, Shigh et al. 2008]. 
Figure 3 shows the isothermal magnetization, M(H,T), of the ErCoAl sample measured around TC 
with increasing the magnetic field from 0 to 70 kOe. Below TC, M(H) increases rapidly at low fields, 
shows a tendency to saturate with increasing H, and the magnitude gradually decreases with increasing 
T, characteristic of the typical nature of FM material. Based on the magnetization data shown in Fig. 3, 
magnetic entropy change 'Sm of the ErCoAl sample was calculated by using the Maxwell relation 
οܵ௠ሺܶǡ ܪሻ ൌ ׬ ሾ߲ܯሺܶǡ ܪሻ ߲ܶሿΤ ு
ு
଴ ݀ܪ . As functions of temperature and field change, the calculated results 
of 'Sm are displayed in Fig. 4. Magnetic hysteresis effect was ignored in this calculation, since almost 
no magnetic hysteresis can be observed in the M(H) curves even at the temperature much lower than TC. 
The negative values of 'Sm (positive MCE) even in small magnetic field changes correspond with the 
Figure 1: Temperature dependence of the dc 
susceptibility (F=M/H) of ErCoAl in a magnetic 
field of 100 Oe under FC (○) and ZFC (x) 
conditions. The inset shows the FZFC1 data. 
Figure 2: Temperature dependence of the dc 
susceptibility (FZFC=MZFC/H) of ErCoAl in 
various magnetic fields under ZFC condition. 
 
Figure 3: Magnetization of ErCoAl as a function 
of magnetic field at different constant 
temperatures. 
Figure 4: Magnetic entropy change of ErCoAl as
a function of temperature determined from the 
magnetization data shown in figure 3. 
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ferromagnetic nature of the magnetic transition at TC. For a given field change 'H, the absolute value 
of -'Sm increases with temperature gradually, reaches a maximum value, െοܵ௠௠௔௫, at the temperature 
that rises slightly from 15.1 K for'H=10 kOe to 16.5 K for 'H=70 kOe. Corresponding to the magnetic 
field change of 'H =30, 50 and 70 kOe, the maximum entropy changeοܵ௠௠௔௫ is estimated to be11.0, 
15.5 and 18.5 Jkg1K1, respectively. These values are comparable with those reported for some other 
rare earth compounds with second-order magnetic transition in a similar temperature range for the same 
field change. 
In order to verify the accuracy of the magnetic entropy change estimated based on the Maxwell 
relation, and to calculate the adiabatic temperature change ('Tad),  specific heat [C(H,T)] of the ErCoAl 
sample was measured over the temperature range of 2-50 K under the applied fields of 0 and 50 kOe. 
As shown in Fig. 5, an evident O-shape peak can be observed in the zero-field C(T) curve at the 
temperature just below TC indicating the second-order PM-FM phase transition, which is almost 
completely smoothed out in a field of 50 kOe. Based on the specific heat data, the total entropy change 
can be calculated by using the equation 'S=S(H,T)-S(0,T), where, ܵሺܪǡ ܶሻ ൌ ׬ ሾܥሺܪǡ ܶሻ ܶሿ݀ܶΤ்଴ . The 
calculating result of total specific heat S(H,T) is shown in the inset of Fig. 5, and the calculated  total 
entropy change 'S is displayed in Fig. 6 together with the data of magnetic entropy change estimated 
by the magnetic method. It is found that the calorimetric and magnetic methods yield almost the same 
results over the full temperature range measured indicating that the vibrational and electronic 
contributions to the total specific heat do not change so much in an applied field of 50 kOe for ErCoAl. 
Moreover, using the measured specific heat data adiabatic temperature change ο ௔ܶௗ , the another 
important parameter to evaluate the MCE of magnetocaloric materials, can be calculated by using the 
equation ο ௔ܶௗ('H, T)=[T(S)HT(S)0]S [Pecharsky and Gschneidner 1999]. The calculated results for 
'H=50 kOe is illustrated in Fig. 7. It is clear from this figure that ο ௔ܶௗincreases with T, reaches a 
maximum at the temperature slightly higher than TC, and then decreases with further lowering the 
temperature. The maximum ο ௔ܶௗ  is observed at ~20 K with a larger value of ο ௔ܶௗ௠௔௫= 6 K for 'H = 50 
kOe.  
It is well known that relative cooling power, RCP, is also an important parameter to decide the 
practicality of a given magnetic refrigerant material. It is usually defined as ܴܥܲ ൌ ȁοܵ௠௠௔௫ȁ ൈ ߜ ிܶௐுெ, 
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Figure 5: Temperature dependence of total 
specific heat of ErCoAl measured over the 
temperature range 2-50 K under the applied fields 
of 0 and 50 kOe. The inset shows the total entropy 
of ErCoAl calculated from the specific heat data. 
Figure 6: Temperature dependence of the total
entropy change of ErCoAl for a field change of 50
kOe calculated by using the specific heat (○).
Result of magnetic entropy change calculated by
using the magnetization data (x) is shown for
comparison. 
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where Ɂ ிܶௐுெ is the full width at half maximum of the –'Sm vs T plot [Gschneidner et al. 2005, 
Gschneidner and Pecharsky (2000)]. Using this expression, the RCP value of ErCoAl is calculated based 
on the 'Sm(T) data. Figure 8 illustrates the variation of RCP as a function of magnetic field change 
together with the െοܵ௠௠௔௫  data. Both RCP and െοܵ௠௠௔௫  have the larger values and increase 
monotonically with increasing 'H. Corresponding to the െοܵ௠௠௔௫value of 11.0, 15.5 and 18.5 Jkg1K1 , 
RCP is determined to be 151, 284, and 433 Jkg-1 for a field change of 30, 50, and 70 kOe, respectively.  
These data are comparable with those shown in the literature for some other rare earth based low 
temperature refrigerant materials with working temperatures close to the liquid hydrogen temperature, 
such as PrNi [Pecharsky et al. 2003] and Er3Ni2  [Dong et al. 2011] etc. ErCo2 is another well known 
similar alloy with first order ferromagnetic transition at TC=35 K,  െοܵ௠௠௔௫  ('H=50 kOe)=31.7 Jkg1K1 
and 'Tad('H=50 kOe)=7.2 K [Tishin and Spichkin 2003]. Corresponding parameters (used to 
characterize the MEC) in ErCoAl are smaller than that in ErCo2, but the Curie temperature of ErCoAl 
is much closer to the hydrogen liquefaction point, which is an advantage with respect to ErCo2. It is 
worth mentioning that we have recently reported the large reversible magnetocaloric effect in 
ferromagnetic semiconductor EuS, which shows a maximum magnetic entropy change of െοܵ௠௠௔௫~37 
Jkg-1K-1, an adiabatic temperature change of 'Tad~10.4 K and a relative cooling power of RCP~782 Jkg-
1 at 18.5 K for a magnetic field change 'H=50 kOe. Although ErCoAl shows the relatively small MCE 
comparing with EuS, considering the relatively inexpensive price of raw materials, the simple 
preparation process and the chemical stability of this alloy, ErCoAl could still be considered as a 
potential magnetic refrigerant material used at the temperatures near 20 K.  
In conclusion, we have investigated the magnetic properties and MCE of polycrystalline ErCoAl by 
both magnetic and calorimetric techniques. This system undergoes a second order magnetic phase 
transition from PM to FM state at TC=16 K. Using the Maxwell relation and the measured magnetization 
data, the maximum magnetic entropy change and the relative cooling power of ErCoAl are estimated to 
be െοܵ௠௠௔௫=15.5 Jkg-1K-1 and RCP=284 Jkg-1 at the temperature near TC for a magnetic field change of 
5 0 kOe in agreement with the results obtained from the calorimetric techniques. Particularly, the larger 
values of െοܵ௠௠௔௫ሺ=11 Jkg-1K-1) and RCP (=151 Jkg-1) are obtained even in a magnetic field change of 
30 kOe that can be generated by a permanent magnet. These results indicate that ErCoAl should be 
considered as a promising candidate for use as a magnetic refrigerant around liquid hydrogen 
temperature. 
Figure 7: Adiabatic temperature change of
ErCoAl calculated from the specific heat data for 
'H=50 kOe. 
Figure 8: Magnetic field dependences of the 
maximum magnetic entropy change (a) and the 
relative cooling power (b) of ErCoAl. 
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